To develop predictive equations of lean body mass (LBM) suitable for healthy southern Chinese adults with a large sample. LBM measured by dual-energy X-ray absorptiometry (DXA) are considered as the standard ones. Methods. Retrospective analysis was conducted on the consecutive people who did total body measurement with DXA from July 2005 to October 2015. People with diseases that might affect LBM were excluded and overall 12,194 subjects were included in this study. Information about the 10,683 subjects (2,987 males and 7,696 females) from July 2005 to November 2014 was used to establish equations. These subjects were grouped by sex and then subdivided according to their body mass index (BMI). The female group was divided into another two subgroups: the premenopausal and postmenopausal subgroups. Equations were developed through stepwise multilinear regression analysis of height, weight, age, and BMI. Information about the 1,511 subjects (395 males and 1116 females) from December 2014 to October 2015 was used to verify the established equations. Results. BMI, height, weight, and age were introduced into the equations as independent variables in the male group, while age was proved to have no influence on LBM in the female group. Regrouping according to BMI or menopause did not increase the predictive ability of equations. Good agreement between LBM evaluated by equation (LBM PE) and LBM measured by DXA (LBM DXA) was observed in both the male and female groups. Conclusion. Predictive equations of LBM suitable for healthy southern Chinese adults are established with a large sample. BMI was related to LBM content; however, there is no need for further group based on BMI or menopause while developing LBM questions.
Introduction
Lean body mass (LBM) accounts for most of the human body and is known to be one of the main drivers of energy expenditure. It plays an important role in many physiological and pathological processes and is a major predictor of body functions, morbidity, and mortality [1] . Reduction in LBM may have negative effects on many health outcomes. Evaluation of LBM is an important way of assessing nutritional and health status and predicting diseases in both clinical and research settings, helping get more accurate evaluation of the efficacy, side effects, and dosage of medicines [2] [3] [4] . Moreover, LBM is even more important for the elderly population because ageing is related to substantial decrease of LBM [5] .
Common LBM evaluation techniques in clinical settings include bioelectrical impedance analysis (BIA), magnetic resonance imaging (MRI), and dual-energy X-ray absorptiometry (DXA). BIA has simple operation and high speed, but its accuracy is relatively lower than that of the other two. Though MRI and DXA are highly accurate, they are hardly used in large-scale epidemiologic studies and in remote areas because of complicated operation and high cost [6] . A regression equation designed based on morphological statistics, such as height and weight, is simple, fast, and inexpensive in calculating LBM and especially suitable for studies with large samples. Estimating equation is a way of calculating LBM when DXA or MRI is not available [7] .
Differences in LBM between different races have been observed [8, 9] . Not only is the body composition of different continents' inhabitants different [10] , but also even people from different Asian ethnic groups have different body composition [9, 11] . As researchers increase their understanding of the influencing factors of LBM, it is urgent to develop race-specific estimating equations for LBM. A number of researchers previously developed anthropometric prediction 2 BioMed Research International equations for estimation of LBM. However, most of them estimated LBM indirectly by estimating the percentage of body fat content [10, 12, 13] , while only a few studies predicted LBM with specifically developed equations [5, 7, 14, 15] . Moreover, the LBM equations were for white, European, and Asian populations, and no one only for the Chinese people has been developed. Wen et al. [16] developed an anthropometric prediction equation for Chinese adults' limb muscle mass in 2011. However, there is no anthropometric prediction equation to evaluate LBM of the whole body for Chinese citizens. Therefore, we have to use LBM equation designed based on the characteristics of other countries' populations. For example, the most commonly used LBM equation in evaluating treatment effects on patients with tumors using positron emission tomography is tailored to Caucasians [17] .
This study aimed to develop simple anthropometric equations which would make estimation of LBM in both clinical and epidemiological settings and monitoring of southern Chinese people's LBM easier. Furthermore, we validated our equations and analyzed the effects of body mass index (BMI) and menopause on equation development. 
Materials and Methods

Participants.
Retrospective analysis was conducted on the consecutive people who did total body measurement using DXA in the First Affiliated Hospital of Jinan University from July 2005 to October 2015. Their case files were reviewed. Those with diseases which might affect LBM were excluded. Overall 12,194 subjects were included. Information about the 10,683 subjects (2,987 males and 7,696 females) from July 2005 to November 2014 was used to establish the equations. The males were aged 18.0 to 97.9 and the average age was 53.9 years, while the females were aged 18.0 to 98.6 with an average age of 55.8 years. The subjects were regrouped into six subgroups according to their BMI: the male and female underweight subgroups (16kg/m 2 ≤ BMI < 18.5kg/m 2 ), the male and female normal weight subgroups (18.5kg/m 2 ≤ BMI < 25 kg/m 2 ), and the male and female overweight subgroups (25kg/m 2 ≤ BMI < 40 kg/m 2 ). Besides, the female subjects were reassigned into two subgroups: the premenopausal subgroup and the postmenopausal one. Information about the 1,511 subjects (395 males and 1,116 females) from December 2014 to October 2015 was used to verify the equations. The males were aged 18.4 to 91.9 and their average age was 57.8 years. The females were aged 18.0 to 94.4 with an average age of 58.7 years. These subjects were also regrouped and reassigned using the above method. Current standards of BMI formulated by WHO were used [18] .
Inclusion criteria were as follows: (1) age ≥ 18y; (2) no significant weight change in the last three months; (3) being born and having been living in southern China. [19] . All operations were done by two trained and highly skilled operators and all scans were conducted according to the manufacturer's instructions. Analysis results showed that all the subjects' images met the requirements for measurement and analysis.
Statistical Analysis.
Categorical and measurement data were analyzed using descriptive statistics. Measurement data were expressed as mean ± standard deviation. A value of < 0.05 was considered to indicate statistical significance.
Variance analysis was done to determine whether there were linear relationships between height, weight, BMI, and age and LBM DXA. A histogram of standardized residuals was drawn with LBM DXA being the dependent variable to find out whether the standardized residuals in each group were approximately normally distributed. LBM estimated by equations was recorded as LBM PE. Equations for each group were developed with LBM DXA as the dependent variable and anthropometric measures (height, weight, BMI, and age) as the predictor variables. They were analyzed using stepwise multilinear regression with the inclusion criterion being = 0.10 and the exclusion criterion being = 0.11, and their coefficient of determination (R 2 ) and standard error of estimation (SEE) values were recorded.
The equations were validated in two ways in each validation subgroup. Paired-sample t-test was done to analyze the differences between LBM estimated with the equations [20] . A bias of zero indicated perfect agreement between LBM PE and LBM DXA. 95% LoA was set as 1.96 standard deviations (SD) above and below the mean difference (d -1.96SD to d + 1.96SD).
Descriptive statistics, paired-sample t-test, and linear regression analysis were performed with SPSS 19.0. BlandAltman analysis was done with MedCalc.
Results
Subjects'
Characteristics. There were no significant differences in anthropometric measures (height, weight, BMI, and age) and LBM DXA between the prediction participants and validation participants in both the male and female groups. All subjects' general information is presented in Table 1 . 
PEs for Males
Validation. There were statistically significant differences between LBM PE M and LBM PE M-under , LBM PE M-normal, and LBM PE M-over while PE M was used to predict LBM of each BMI-subgroup; however, the differences were very small (mean differences: 0.04kg to 0.13kg, P < 0.05; see Table 2 ). For this reason, cross-validation was only done on PE M . R 2 and SEE of PE M in the validation male subjects were similar to those in the prediction male subjects. Good agreement was observed between LBM PE M and LBM DXA (bias = 0.05kg, P = 0.756, R 2 = 0.803, and SEE = -3.35kg). In addition, the applicability of PE M in the male subgroups was evaluated. There were no significant differences but good agreement between LBM DXA and LBM PE M in each BMIsubgroup of males (bias: −0.59 to 0.73kg, P > 0.05, R 2 : 0.734 to 0.790, and SEE: 2.18kg to 3.77kg). Detailed information about difference and agreement between LBM DXA and LBM PE M is listed in Table 2 . Bland-Altman plots of PE M are shown in Figure 1 .
PEs for Females
3.3.1. Development. In the female group, variance analysis results showed that F and were 5,930.758 and 0.000, respectively. Linear relationships were observed between LBM DXA and age, height, weight, and BMI. The histogram was nearly in normal distribution. ANOVA showed that there were linear relationships between LBM DXA and the anthropometric variables, and the standardized residuals were approximately normally distributed in all the subgroups.
Equation for all females (PE F ) had higher predictability (R 2 = 0.698, SEE = 2.43kg), though when compared with PE M its R 2 was slightly lower. Weight and height were positively correlated with LBM, which was similar to the situation in the male group, while BMI was negatively correlated with LBM and age was not introduced into PE F . Neither BMI-subgrouping nor menopause-subgrouping significantly improved the prediction accuracy of the equations (R 2 = 0.662 to 0.733, SEE = 2.22kg to 2.68kg). 
Equation for the Female Group
3.3.2.
Validation. There were statistically significant differences between LBM PE F and LBM PE F-under , LBM PE F-normal , LBM PE F-pre , and LBM PE F-post while PE F was used to predict LBM of each subgroup. However, the differences were very small (mean differences: −0.09kg to 0.63kg, P < 0.05; see Table 2 ). Therefore, cross-validation was only conducted on PE F . R 2 and SEE of PE F in the validation female subjects were similar to those in the prediction female subjects. Good agreement was observed between LBM PE F and LBM DXA (bias = 0.03kg, P = 0.669, R 2 = 0.734, and SEE = 2.49kg). In addition, the applicability of PE F in the five subgroups was evaluated. There were no significant differences but good agreement between LBM DXA and LBM PE F in the subgroups (bias = 0.10 to 0.17kg, P > 0.05, R 2 = 0.668 to 0.791, and SEE = 2.21 kg to 2.79 kg). Details are listed in Table 2 . Bland-Altman plots of PE F are shown in Figure 2. 
Discussion
Sex-specific anthropometric equations of LBM are developed in this study with a large sample of healthy southern Chinese adults. LBM measured by DXA are considered as the standard ones. Validation results show that the equations boast high accuracy. We found that there was a correlation between BMI and LBM; however, the results demonstrate that there is no need for BMI-subgrouping and menopause-subgrouping while developing LBM prediction equations. These equations could be valuable tools to estimate LBM in large-scale epidemiologic studies and in remote areas where DXA or MRI are not available.
In addition to ethnicity, height, weight, and age are also important influencing factors of LBM. Studies have also found that LBM is also associated with BMI [21, 22] . In this study, height, weight, age, sex, and BMI are included in the PEs as predictor variables to analyze their effects on LBM. Yu et al. [7] found that introduction of biochemical variables into prediction equations could enhance the accuracy. In their study, the complex correlation coefficient, R 2 , increased from 90.7% to 91.9% after introduction of creatine kinase, lactate dehydrogenase, and high-sensitivity C-reactive protein as independent variables. However, insignificant changes of the values of R 2 indicated that introduction of biochemical variables only had little effect on enhancing the prediction accuracy of equations, which made the effect not worth the cost and efforts.
Several anthropometric prediction equations of LBM have been developed, showing high predictability with high R 2 ranging from 0.78 to 0.94 and low SEE ranging from 0.82kg to 3.61kg [5, 7, 14, 15] . However, no Chinese people were included as study subjects, which limited their use in China. Our equations enjoy high accuracy in estimating southern Chinese people's LBM (R 2 = 0.782 and SEE = 3.14kg in PE M , R 2 = 0.698 and SEE = 2.43kg in PE F ). The relative proportion of variation explained by the prediction equation is greater for males than for females. Other studies also reported that equations for males' LBM had a higher prediction accuracy than those for females' [5, 23] . The gender difference probably reflects the differences in body composition between men and women. Males have much more LBM than females, while females have a greater range of variation in fat mass than males.
LBM prediction equations for BMI-based subgroups are designed to analyze the effect of BMI on LBM. However, BMI-subgrouping does not increase the accuracy of the equations but slightly decreases R 2 in both male and female groups, which is believed to be the result of the narrow BMI ranges. This belief is confirmed by the fact that BMI cannot serve as a variable of both PE M-under and PE F-under . Statistically significant differences are observed between LBM predicted by PE M /PE F and LBM predicted by subgroup's equations in each BMI-subgroup, except the overweight female group. However, the differences are very small (mean difference: 0.04kg to 0.13kg in males and -0.09kg to 0.63kg in females, P < 0.05). In terms of biological variables, an error of more than 5% is of clinical significance [24] . An error of 0.13kg is negligible for a man with LBM of 50 kg, and an error of 0.63kg is also negligible for one woman with LBM of 35 kg. Therefore, there is no need for BMI-subgrouping in development of LBM prediction equations for southern Chinese people and no need to use different equation in people belonging to different BMI ranges. To confirm our conclusion, PE M and PE F 's accuracy in the corresponding BMI-based subgroups is evaluated and results reveal good agreement between LBM PE M /PE F and LBM DXA in each BMI-based subgroup with low bias, low SEE, and high R 2 .
Compared with PE F 's prediction accuracy (R 2 = 0.698), PE F-pre 's is slightly higher (R 2 = 0.733), while PE F-post 's is relatively lower (R 2 = 0.677). This may be because estrogen levels decrease after menopause and there are differences in body composition between postmenopausal and premenopausal women. Some studies have suggested that decrease in the levels of estrogen and testosterone in postmenopausal women's serum may be a key cause of declining of LBM [25, 26] . Nevertheless, although PE F-post has lower accuracy, further analysis shows that there is no need for menopause-subgrouping while designing LBM equation for southern Chinese women because of two facts. One is that the difference between PE F and PE F-pre and that between PE F and PE F-post are relatively small (about 0.1kg) and the other is that PE F enjoys high accuracy in both premenopausal and postmenopausal women (bias = 0.08 kg, R 2 = 0.791, and SEE = 2.68 kg in premenopausal women; bias = 0.01kg, R 2 = 0.668, and SEE = 2.40kg in postmenopausal women).
Weight and height are positively correlated with LBM in both males (PE M ) and females (PE F ). However, BMI is positively correlated with LBM in males, while it is negatively correlated with LBM in females. Yu et al. [7] found that LBM increased with the decrease of BMI. Salamat et al. [14] found there was a positive correlation between LBM and BMI. Both the studies had very small samples, and neither of them reported the ratio of male subjects to female ones. The inconsistency among studies may result from differences in body composition between the two genders. BMI reflects heterogeneous regional body mass and composition scaling pattern [27] .
Another interesting finding is that age is not an influencing factor of females' LBM, while it is negatively correlated with males' LBM. Some studies reported that both males and females experienced age-related decease in LBM and that age had more impacts on males' LBM than on females' [5, 15, 23] . Heymsfield et al. [22] found that age was an important negative predictor of skeletal muscle mass after control of height in men but not in women. Our previous study also found that the patterns of age-related LBM changes were different between Chinese men and women. It was reported that Chinese males' lean mass index was negatively correlated with age, while no correlation was observed between age and lean mass index in Chinese females [28] . These sex-related differences in body composition may mainly result from sex steroid hormones, which promote sexual dimorphism during pubertal development [29] .
Our equations are developed using simplest anthropometric measurements, which can be made quickly in epidemiologic settings. The large sample and a broad range of age and BMI guarantee their high accuracy. It should be noted that, although they have been validated and have high accuracy in epidemiological settings, they are not accurate enough for clinical or individual use. The 95% LoA is (-6.6kg, 6.8kg) in males and (-4.9kg, 4.9kg) in females in this study, which is similar to the study by Lee et al. [5] . Bland-Altman plots show that the difference between LBM DXA and LBM PE can be as high as 15.96kg in males, and LBM DXA of that individual is 63.20kg, which means that the equation overestimates his LBM by about 25%.
This study has several limitations. The data about body composition were collected only from the First Affiliated Hospital of Jinan University. The study should have included people from other research centers in order to make the conclusions suitable for each southern Chinese adult. Secondly, differences in scanning pattern, software version, and calibration method among different DXA by different manufacturers might result in measurement errors [30] . Lunar Prodigy DXA was used in this study. Thirdly, most of the participants in this study are patients in hospital. However, patients with diseases which might affect bone density and body composition were excluded. Besides, it was reported that the use of other anthropometry measurements such as hip or waist circumference can improve the performance of LBM prediction equations [5, 15] ; however, they were not included in this study. Future studies are needed to eliminate these limitations.
Conclusions
Gender-specific prediction equations for southern Chinese people's LBM are developed and verified with a large sample in this study. They can be used in epidemiological settings to evaluate body composition. BMI was related to LBM content; however, there is no need for further group based on BMI or menopause while developing LBM questions.
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